ABSTRACT To determine the ME and amino acid digestibility of 5 soybean meal (SBM) samples, a precision-fed rooster assay and a chick assay were conducted. The 5 samples were cold-pressed (extruded) soybean meals or solvent-extracted (defatted) soybean meal. Of the cold-pressed varieties (unheated), there was an ultra-low trypsin SBM, a low-trypsin SBM, and a heated and unheated commodity SBM. The solventextracted SBM was a heated commodity blend. The TME and AME values were compared between each category: cold-pressed and defatted, as well as between the 2 assays. Semipurified diets containing dextrose as the main energy source were formulated to meet the bird's nutrient requirements, with each diet containing a different SBM product. The TME rooster assay was a precision-fed rooster assay in which 5 birds per diet were fasted for 24 h, crop intubated with 35 g of the test diet containing 46.58% cold-pressed or defatted SBM, and excreta was then collected for 48 h. The total aromatic amino acids rooster assay followed the same protocol, but cecectomized birds were used. For the chick assay, 480 one-day-old chicks were fed a standard corn-SBM starter diet until 17 d of age, and on d 18, the chicks were allowed ad libitum access to the SBdextrose diets. Excreta were collected on d 22, dried, ground, and analyzed for gross energy and CP to determine ME. The SBM samples that were genetically selected to have lower trypsin inhibitor levels and higher protein had higher ME values and increased amino acid digestibility than the commodity cold-pressed SBM samples. Genetic selection of soybeans for certain traits can have positive effects on the ME value and amino acid digestibility for roosters and chicks.
INTRODUCTION
In the United States and other countries, soybean meal (SBM) is a staple in livestock diets as a source of dietary amino acids (AA). Of the SBM produced in the United States, over 50% is fed to poultry. Soybean meal is commonly used as a source of AA because it has a consistent nutrient profile with high CP levels. However, it contains various antinutritional factors that affect nutrient utilization. The antinutritional factors are trypsin (protease) inhibitors, lectins, and oligosaccharides such as raffinose and stachyose. Trypsin inhibitors are usually destroyed during thermal processing, when the SBM is heated to increase its nutritional value (Liener, 1994) . A high amount of protease inhibitors in a diet will cause pancreatic hypertrophy/hyperplasia leading to poor growth and decreased performance (Chernick et al., 1948; Applegarth et al., 1964; Rackis, 1965) . The pancreatic hypertrophy is due to stimulation of pancreatic secretions as the pancreas compensates for the increased amount of inhibitors. In SBM, the most important protease inhibitor is the Kunitz trypsin inhibitor because it binds almost irreversibly, mole for mole with trypsin (Kunitz, 1945) .
The methods of processing will have an effect on the nutritive value of the soy product, as well as the overall digestibility of the diet. Overprocessing may have negative effects on the nutritional value of SBM due to Maillard reactions (Araba and Dale, 1990; Marsman et al., 1995a) . On the other hand, underprocessing may have negative effects because adequate processing is needed to remove most antinutritional factors. In addition to processing methods, antinutritional factors can be eliminated from the soybeans through genetic selection. By selecting for low levels of antinutritional factors, specifically trypsin inhibitors, the beans can bypass thermal processing to avoid overprocessing. Unique soybean cultivars have been developed with significantly reduced levels of trypsin inhibitors from 55,000 trypsin inhibitor units (TIU)/g present in regular commodity beans to a low of 7,100 TIU/g. The advantage of these soybean varieties is the reduction in processing costs because no heat is needed to deactivate the protease inhibitors and Amino acid digestibility and metabolizable energy of genetically selected soybean products there is no risk of overprocessing. These soybeans were also cold-pressed, which is a form of dry extrusion in which the heat comes only from friction, without the addition of external heat or steam. The objectives of these studies were to test the hypotheses that 4 samples of genetically modified soybeans have different levels of digestible AA and ME than a commercial SBM sample and test methodologies used to assay TME and AME values (rooster TME and total aromatic amino acid assays and chick AME and ileal AA digestibility assays).
MATERIALS AND METHODS

Processing of the Experimental Diets
Five SBM products obtained from Schillinger Genetics Inc. (Des Moines, IA) were evaluated for ME and AA digestibility. For this study there were 4 coldpressed varieties (extruded): an ultra-low trypsin SBM, a low-trypsin SBM, and both a heated and unheated commodity SBM (commodity CP). The soybeans were cold pressed on a Kern Kraft 40 (Circle Energy Inc., Dodgeville, WI), a shallow-flighted screw (~8 to 9 mm land and ~18 to 19 mm trough) for soy. The samples were then roller milled through a 3.175-mm differential. The heated commodity SBM was radiant heated with 176.7°C heat through a basket trough with 30-min travel time. The fifth soybean product was a commercial solvent-extracted, toasted SBM with a CP content of 48% (N × 6.25, as is) supplied by Cargill Inc. (Lafayette, IN).
Diet Formulation
Semipurified diets containing dextrose as the main energy source were formulated to meet or exceed NRC (1994) nutrient requirements, with each diet containing a different SBM product (Table 1) . Moisture, CP, crude fiber, fat, and ash levels in the SBM were determined using Association of Official Analytical Chemists (1984) methods by the Minnesota Valley Testing Laboratories, New Ulm, Minnesota. Trypsin inhibitor activity was measured according to the procedure of Hamerstrand et al. (1981) , and urease activity was determined by the Association of Official Analytical Chemists (1980) method. The KOH solubility was determined for all SBM samples by the method specified by Araba and Dale (1990) and Parsons et al. (1991) . Pepsin digestible N in each SBM sample was determined according to the procedure of the Association of Official Analytical Chemists (1980) using 0.2% pepsin solutions.
Chick Assays
All procedures were approved by the University of Georgia Animal Care and Use Committee. Male broiler chicks from a female grandparent line (Cobb 500) were housed in thermostatically controlled starter batteries with raised wire floors in an environmentally controlled building. At hatch, 480 chicks were weighed and randomly allotted to pens so that each pen of chicks had a similar initial weight and pen weight distribution. Chicks were allowed ad libitum access to a corn-SBM starter diet until 17 d of age. On d 18, after an overnight fast, chicks were given ad libitum access to the experimental SBM-dextrose diets. The experimental diets contained chromic oxide (0.5%) as an indigestible marker, eliminating the need to record feed intake (Lemme et al., 2004 ). There were 6 pens of 10 chicks per replication assigned to the 5 SBM-dextrose diets. For determination of AME n , excreta from each pen were collected on d 22 and oven-dried at 75°C for 24 h. For the determination of apparent AA digestibility, birds were euthanized by CO 2 asphyxiation before ileal digesta collection. The ileum was defined as the portion of the intestine from the yolk sac diverticulum to the ileocecal junction. Ileal contents were collected on d 22, dried as above, ground, and analyzed for AA contents. To obtain a sufficient amount of ileal digesta for analysis, the samples were pooled by pen. Excreta, ileal digesta, and feed samples were sent to the Agriculture Experiment Station Chemical Laboratories, University of Missouri, Columbia, and analyzed for AA concentration to calculate the AA digestibility coefficients. The apparent ileal digestibility coefficients using chromic oxide as an indigestible marker were calculated with the following formula:
where %AA f = percentage of AA in the feed, %AA i = percentage of AA in the ileal digesta, % Cr 2 O 3f = percentage of chromic oxide in the feed, and % Cr 2 O 3i = percentage of chromic oxide in the ileal digesta. The apparent digestibility coefficients were standardized by correcting for endogenous AA losses using the methods and AA flow values of Lemme et al. (2004) Feed and excreta samples were ground and analyzed for gross energy using an adiabatic bomb calorimeter. Analysis for CP was performed using the Kjeldahl procedure of the Association of Official Analytical Chemists (1980) method (7.015). Performic acid oxidation (method 985.28; AOAC International, 2006) was conducted before acid hydrolysis for the determination of Met and Cys, whereas all other AA were determined after acid hydrolysis and AA digestibility coefficients were then calculated. Chromic oxide was added to all experimental diets (0.5%) as an indigestible marker, and the concentration of chromic oxide in the feed and excreta were as described by Dansky and Hill (1952) .
Rooster Assays
The TME n and standardized digestibility of AA were determined for the 5 SBM using a precision-fed rooster assay (Sibbald, 1986 ) using cecectomized Single Comb White Leghorn roosters. The birds were placed in individual cages (33.02 × 45.72 × 45.72 cm) with raised wire floors in an environmentally regulated room. Cecectomy was performed at 20 wk of age according to the procedure of Parsons (1985) . Adult Leghorn roosters were fasted for 24 h and then precision-fed 35 g of the test diet containing 46.58% cold-pressed or defatted SBM. There were 5 cecectomized birds per diet; excreta were then collected for the next 48 h. Four additional roosters were fasted to measure endogenous excretion of DM, energy, N, and AA. The excreta samples were dried as above, weighed, and ground through a mesh screen using a Thomas-Wiley mill (Arthur H. Thomas Company, Philadelphia, PA) equipped with a 1-mm screen to ensure a homogeneous mixture. Feed and excreta were analyzed for N or CP (method 990.03; AOAC International, 2006) and for gross energy using an adiabatic bomb calorimeter standardized using benzoic acid, and TME n was calculated as described by Parsons et al. (1992) .
Statistical Analysis
All data were subjected to ANOVA procedures using PROC GLM of SAS (SAS Institute Inc., 2006). The 3-way model for ileal AA digestibility (%) data was
where Y ijk is the dependent variable, μ is the overall mean; Sample i is the effect of the SBM sample; Method j is the effect of methods of SBM (chick or rooster); (Sample × Method) ij is the interaction effect of SBM sample and methods; (Sample × AA) ik is the interaction effect of SBM sample and AA; (Sample × Method × AA) ijk is the interaction effect of SBM sample, methods, and AA; and e ijk is the observational error for the (ijkl)th observation.
The 2-way model for ME was where Y ijk is the dependent variable, μ is the overall mean, Sample i is the effect of SBM sample, Method j is the effect of methods of SBM (Chick or Rooster), (Sample × Method) ij is the interaction effect of SBM sample and methods, and e ijk is the observational error for the (ijk)th observation. The Pearson correlation coefficients between composition components of the 5 soybean product samples were performed. Second-order polynomial regressions were graphed using Microsoft Excel (Microsoft Corp., Redmond, WA), and the equations and coefficients of determination were included on the plots.
RESULTS AND DISCUSSION
The concentrations of moisture, CP, ether extract, and ash varied considerably among samples (Table 2) . Moisture concentration ranged from 5.48 to 9.83% and averaged 7.74%. The CP ranged from 42.1% in the lowtrypsin, cold-pressed SBM to 48.4% in the commercial solvent-extracted SBM. The trypsin inhibitor activity (TIU/g) ranged in the samples between 3,100 TIU/g in the commercial toasted SBM to 46,100 TIU/g in the cold-pressed, unheated commodity SBM. Urease activity was varied (1.51 to 1.96 mg of N/g per min 30°C) for the cold-pressed varieties in comparison with the commercial SBM that had been heated (0.02 mg of N/g per min 30°C).
There were several interesting relationships among the chemical constituents of the samples: CP concentration was inversely related to fat concentration, as expected, but it was also positively related to ash concentration and negatively related to pepsin digestible protein concentration (Table 3 ). There was a negative correlation between CP level and urease activity, perhaps resulting from the commercial SBM sample having the highest CP level but lowest urease activity. The significant relationships with urease are likely second- 2 ULT-CP = ultra-low trypsin cold-pressed soybean meal. 3 LT-CP = low-trypsin cold-pressed soybean meal. 4 Commodity CP = cold-pressed, unheated soybean meal. 5 Commodity CP = cold-pressed, heated soybean meal. 6 Commercial SBM = solvent-extracted, heated soybean meal.
ary to its relationship with CP concentration. Genetic selection for decreased amounts of trypsin inhibitor resulted in no obvious changes in the other components. The lack of relationship between trypsin inhibitor and urease activity was expected because urease activity is an indirect indicator of underprocessing, and cold-pressed SBM has essentially not undergone any external heating. The commodity SBM that was heated had an acceptable value for urease activity to be considered adequately processed (<0.15 pH rise). The low values for urease activity and with the TIU per gram for the commodity SBM were in normal ranges because heating affects both urease and trypsin inhibitor activities. The solubility of SBM protein in potassium hydroxide solution is inversely related to the degree of heat treatment, and values less than 78% reflect an incremental decrease in lysine availability for all animals (Soybean Growers for Feed Industry, 2009; Caprita et al., 2010) . The KOH values were within the optimal range indicative of well-processed SBM, ranging from 84% in the solvent-extracted SBM to 100% in the coldpressed varieties (Table 2) .
The AA concentration of the experimental diets varied slightly (Table 4) . This variation could be due to the genetic variety, geographical location where the crop was grown, husbandry practices, seasonal variations, and year of harvest (Evers et al., 1999; Jondreville et al., 2001) . In general, the SBM with the greater CP content had a higher AA concentration and therefore a higher coefficient of apparent ileal digestibility and true AA digestibility coefficients (Tahir and Pesti, 2012) .
As the level of trypsin inhibitors (TIU/g) increased in the diets, the AA digestibility, specifically lysine (Figure 1) and methionine (Figure 2) , decreased. These linear trends were shown in both the chick ileal assay and the rooster total aromatic amino acid assay ( Figures  1 and 2 , Table 5 ). The relationship between TIU/g of the diets and the digestibility coefficients for each AA 1 ULT-CP = ultra-low trypsin cold-pressed soybean meal. 2 LT-CP = low-trypsin cold-pressed soybean meal. 3 Commodity CP unheated = cold-pressed, unheated soybean meal. 4 Commodity CP heated = cold-pressed, heated soybean meal. 5 Commercial SBM = solvent-extracted, heated soybean meal.
decreased in the same second-order fashion; more than approximately 30,000 TIU/g, no further decrease in digestible AA was observed. Regardless of methodology, the nonlinear trend was evident in both the chick and rooster assays. In the cold-pressed SBM, the digestibilities of some of the indispensable AA obtained with the rooster assay were significantly greater than those obtained from 22-d-old chicks. For the commodity CP heated SBM, every AA digestibility was significantly greater for the roosters, except for lysine (Table 5 ).
The ANOVA showed digestibility differences between samples, methods, and the particular AA being observed. Significant interactions between assay method and AA demonstrate that the assay results are neither interchangeable nor easily interconverted. This is illustrated best among the most important AA where methionine digestibility was found to be 11.6% higher by the chick assay for the commodity CP heated sample, but 3.4% higher by the rooster assay for the commercial SBM sample. For digestible lysine, the results are 7 F-test probability that the AME n value is different than the TME.
Figure 3. The relationship of AME to TME for 5 soybean product samples.
even more striking: lysine digestibility was found to be 16.0% higher by the chick assay for the commodity CP heated sample, but 2.2% higher by the rooster assay for the commercial SBM sample. The TME n values for the 5 soybean-dextrose diets ranged from 3,805 to 3,990 kcal/kg and the AME n values ranged from 2,682 to 3,564 kcal/kg (Table 6) . Whereas these AME n values are not similar to previously reported AME values, their variation is related to their processing methods as well as determination of ME in young chicks. Extruded soybeans usually have a TME value of 3,660 to 3,940 kcal/kg (DM basis), and the range is dependent on the temperature at which the beans were extruded. An increase in extrusion temperature will result in a higher TME value. The TME n values in this experiment were similar to previously reported data for extruded or cold-pressed SBM, determined using roosters or older birds. The AME n of the ultra-low trypsin, cold-pressed SBM and low-trypsin, cold-pressed SBM were very similar to the AME n for the commercial SBM (3,403, 3,564, and 3,468 kcal/ kg respectively). The AME n values for the commodity CP SBM were much lower at 2,682 and 2,791 kcal/kg, which may be due to the higher TIU/g content. The TME n values did not vary as much as the AME n values between the 5 treatments.
The AME n and TME n values were significantly different by sample and method, and there was a sample × method interaction (Table 6 ). Significant interactions between assay method and ME method demonstrated that the assay results are neither interchangeable nor easily interconverted. The differences between methods ranged from 272 to 1,214 kcal/kg, and the AME and TME results were not related (Figure 3) . However, the AME results were related to the TIU levels of the ingredients (Figure 4) . Obviously, growing chicks (that received the samples as of part of their regular feed) were sensitive to the trypsin inhibitor content of their feed, but not roosters (who received a single feeding of 35 g). When comparing methodologies, several notable differences must be taken into account. In the chick assay, the birds had ad libitum access to the feed, which is a normal physiological state for growing chicks. The rooster assay allows for quantification of feed and excreta, so results are based on total excreta collection. Sibbald et al. (1960) suggested that total collection methods are less precise in an assay to determine nutrient digestibility. The technique for measuring and correcting for endogenous losses varies between assays. The rooster assay is corrected by fasting the birds, and this technique has been used in several studies published as reference values (Sibbald, 1986; Parsons et al., 1991; NRC, 1994) . Fasting the birds creates an abnormal physiological state, so this may not be an appropriate technique (Lemme et al., 2004) . The chick assay, however, does not correct for endogenous losses, which is why the chick assay gives AME and the rooster assay gives TME. The experimental diets contained an indigestible marker that is expected to follow the feed through the gastrointestinal tract at the same flow rate (Garcia et al., 2007) . This is not always true for all markers though, as has been demonstrated for chromic oxide (Oberleas et al., 1990) . Webb (1990) provides evidence that whereas quantification of AA was carried out in ileal digesta, assuming that AA absorption at this intestinal portion has been completed, Figure 4 . The relationship between trypsin inhibitor concentration and the ME content of 5 feed ingredient samples derived from soybeans. this assumption is not always true. Also, the age of the birds ranges from 22-d-old chicks to 25-wk-old roosters. Ten Doeschate et al. (1993) reported lower digestibility coefficients for some AA obtained in 29-d-old chickens compared with older birds.
It has been recognized that the standardized ileal digestibility assay may be more appropriate for estimation of AA digestibility, although the rooster assay can be more advantageous for routine evaluation of feed ingredients (Garcia et al., 2007) . In evaluating 5 SBM in the present research, the methodologies yielded different results and there were interactions between AA and assay method, demonstrating that the results from the methods are not easily interconvertible. In choosing a methodology, the researcher must evaluate the practicality of the experiments, the routine evaluation of ingredients, and the relative quantity of feed consumed by birds of different ages. By genetically selecting for various antinutritional factors in soybeans and using an extruder to process the soybeans, all external-heating processes can be avoided. Very careful consideration of the assay method to be used is necessary to get values that will be applicable to growing broilers or producing hens.
